Cortical somatosensory evoked potentials (SSEPs) can be used to localize the central sulcus during a craniotomy. In particular, contralateral median nerve stimulation producing SSEPs can disclose the location of the central sulcus around the sensorimotor hand representation area. However, the median nerve cannot be stimulated in patients who undergo craniotomy at locations other than the hand representation area. The present study attempts to localize the central sulcus in the lateral surface of the brain near the interhemispheric fissure by stimulating the contralateral femoral nerve to produce SSEPs. Somatosensory evoked potentials were recorded between the superior lip of the interhemispheric fissure and 1.5 to 2 cm laterally in the cortex. Only seven of the 12 patients studied showed a phase reversal of the initial component across the central sulcus. The polarity was negative in the postcentral gyrus and positive in the precentral gyrus. The other five patients did not show a phase reversal of the initial component across the central sulcus. The amplitude was highest in the postcentral gyrus and the polarity was positive. Based on these results, the authors hypothesize that stimulating the contralateral femoral nerve to produce SSEPs and then analyzing the distribution of the SSEPs may provide a method for functional localization of the sensorimotor cortex around the interhemispheric fissure during craniotomy.
Stimulation of the median nerve to produce somatosensory evoked potentials (SSEPs) has been used during craniotomy to functionally localize the sensorimotor cortex. [2] [3] [4] 6, 13, 14] Cortical SSEPs produced by stimulation of the median nerve can localize the sensorimotor hand representation area located away from the interhemispheric fissure. When craniotomy is performed around the central sulcus near the interhemispheric fissure, stimulation of peripheral nerves in the lower extremity, such as the tibial and peroneal nerves, to produce SSEPs is preferred for localization of the sensorimotor cortex. However, the source that generates the cortical component evoked by stimulation of the tibial and peroneal nerves is situated in the medial surface of the cerebral cortex within the interhemispheric fissure. [1, 5, 7, 10, 11] Therefore, stimulation of these nerves does not serve to localize the sensorimotor cortex in the lateral surface of the cerebral cortex near the interhemispheric fissure.
Wang, et al., [12] recorded scalp SSEPs by stimulating the femoral nerve and suggested that the cortical component might originate from the superior lip of the interhemispheric fissure just over the lateral cortex. In the present study, cortical SSEPs produced by stimulation of the femoral nerve were recorded. The possibility of using these SSEPs to localize the sensorimotor cortex in the lateral cortex near the interhemispheric fissure is discussed.
CLINICAL MATERIAL AND METHODS

Patient Population
The patient population consisted of three males and nine females aged between 17 and 63 years (average 45 ± 17 years). The patients' mean height was 156.2 ± 7.3 cm. Eleven of the 12 patients had brain tumors and the other patient had an arteriovenous malformation (Table 1) . Cortical SSEPs were produced by stimulating the femoral nerve in all 12 patients who underwent craniotomy, which exposed the interhemispheric fissure.
Surgical Protocol
A general anesthetic consisting of 60% nitrous oxide in oxygen and 0.5% to 1.0% enflurane was administered and a wide area of the lateral surface of the brain between the sylvian fissure and interhemispheric fissure was exposed via craniotomy and reflection of the dura. Needle electrodes were inserted into the skin over the inguinal ligament 1.5 cm lateral to the femoral artery to stimulate the femoral nerve contralateral to the craniotomy. The cathode was placed 2 cm proximal to the anode. Electrical stimuli consisting of 0.2-msec constant-current pulses were delivered. The stimulus intensity was adjusted to produce a small twitch in quadriceps femoris at a stimulus rate of 5Hz. A silicone sheet holding four recording electrodes (10 mm interelectrode distance) was placed on the cortical surface. An average of 250 responses was made using a frequency filter bandpass of 5 to 3000 Hz. The analyzing time was 40 msec after the stimulus. Cortical SSEPs were recorded twice so as to assess their reproducibility. A reference electrode was placed in the temporalis muscle adjacent to the craniotomy margin. The initial deflection of the cortical SSEPs was designated as a N1 or P1 wave, depending on the polarity (N = negative and P = positive).
First, the central sulcus was localized using the SSEPs recorded from median nerve stimulation. The methods used to record and determine the location of the central sulcus using median nerve stimulation are described in a previous report. [8] After localizing the central sulcus in the lateral surface of the brain located away from the interhemispheric fissure, SSEPs produced by femoral nerve stimulation were recorded. Next, cortical stimulation (10 -15 mA, at a 0.2-msec duration with 50-Hz trains applied bipolarly) was performed to identify the motor cortex.
RESULTS
In all patients, SSEPs produced by femoral nerve stimulation could be recorded. Amplitudes of the potentials were highest in the postcentral gyrus at the superior lip of the interhemispheric fissure just over the lateral cortex. The mean peak latency and amplitude of the initial component were measured from the recording at this point (Table 1) . Femoral nerve SSEPs could be recorded between the superior lip of the interhemispheric fissure and 1.5 to 2 cm laterally in the cortex. Phase reversal of the initial deflection of cortical femoral nerve SSEPs across the central sulcus was observed in only seven of the 12 cases.
In the seven patients showing phase reversal across the central sulcus, the polarity of the postcentral gyrus was negative and that of the precentral gyrus was positive. This same trend was noted for the median nerve SSEPs. The mean peak latency of the N1 wave of femoral nerve SSEPs was 22.6 ± 1.5 msec and the mean peak amplitude was 3.7 ± 2.1 µV in the postcentral gyrus. The mean peak latency of the N1 wave of the median nerve SSEPs was 21.1 ± 1.5 msec and the mean peak amplitude was 11.7 ± 5.7 µV. The mean height of these seven patients was 154.5 ± 5.2 cm.
In the other five patients who showed no phase reversal across the central sulcus, the polarity of the initial deflection was positive. Furthermore, the amplitude of the P1 wave was highest in the postcentral gyrus. The mean peak latency of the P1 wave was 23.5 ± 1.3 msec and the mean peak amplitude was 12.3 ± 5.8 µV in the postcentral gyrus. The mean peak latency of the N1 wave of median nerve SSEPs was 21.3 ± 0.8 msec and the mean peak amplitude was 19.1 ± 10.3 µV. The mean height of these 5 patients was 158.6 ± 9 cm.
The peak latency of the P1 wave of the femoral nerve SSEPs in patients without phase reversal was slightly longer than that of the N1 wave of the femoral nerve SSEPs in patients with phase reversal. However, the correlative analysis between the two groups revealed no statistically significant differences (t = 1.03, p greater than 0.2). The peak latency of the N1 wave of the median nerve SSEPs in patients without phase reversal of femoral nerve SSEPs was not significantly different from that in patients with phase reversal of femoral nerve SSEPs (t = 0.24, p greater than 0.5). The peak amplitude of the P1 wave of the femoral nerve SSEPs in patients without phase reversal was significantly higher than that of the N1 wave of the femoral nerve SSEPs in patients with phase reversal (t = 2.87, p less than 0.05). Furthermore, the peak amplitude of the N1 wave of the median nerve SSEPs in patients without phase reversal was higher than that in patients with phase reversal. However, this difference was not significant (t = 1.45, p greater than 0.1). The average height of patients showing femoral nerve SSEPs without phase reversal was not significantly different from that of patients showing femoral nerve SSEPs with phase reversal (t = 0.91, p greater than 0.2).
ILLUSTRATIVE CASES
Case 3
This 26-year-old woman experienced generalized convulsions on January 23, 1994. She was admitted to our institution on February 1, 1994.
Examination. Neurological examination revealed no apparent deficit. Magnetic resonance imaging showed a well-defined lesion in the right frontal lobe (Fig. 1) . Cerebral angiography revealed a vascular mass lesion with an arteriovenous shunt in the right frontal lobe. Based on these examinations, the patient was diagnosed as having a high-grade astrocytoma in the right frontal lobe. Operation. On February 9, the patient underwent a right frontoparietal craniotomy. After incision of the dura, cortical SSEPs produced by electrical stimulation of left median nerve and left femoral nerve were recorded. Figure 1 shows the electrode placement for recording SSEPs. Recordings of SSEPs during left median nerve stimulation produced isolatency lines for N1 waves that peaked at 20.5 msec and left femoral nerve stimulation produced isolatency lines that peaked at 22.2 msec. Phase reversal of the initial deflections in both median nerve SSEPs and femoral nerve SSEPs were seen in this patient. Figure 2 shows the distribution of potentials in the initial deflections. The patient's tumor was situated near the interhemispheric fissure. The initial distribution of median nerve SSEPs revealed that the phase reversal occurred away from the brain tumor. The distribution of the femoral nerve SSEPs further revealed that the phase reversal occurred near the interhemispheric fissure. Furthermore, cortical stimulation at the location of Electrode 2 elicited electromyographic (EMG) responses in the left quadriceps femoris muscles and stimulation at the location of Electrode 23 elicited EMG responses in the left thumb. Based on these results, the sensorimotor cortex could be localized and the tumor was resected without injury to the motor cortex. 
Case 11
This 44-year-old man reported headaches after he suffered head trauma on June 22, 1989. Computerized tomography analysis was performed on July 13 and revealed a left lateral ventricular tumor (Fig. 3) . He was admitted on that day to our institution. Operation. On July 24, the patient underwent a left frontoparietal craniotomy. After incision of the dura, cortical SSEPs produced by electrical stimulation of the right median nerve and right femoral nerve were recorded. Figure 4 shows the placement of electrodes for recording SSEPs. Recordings of SSEPs during right median nerve stimulation produced isolatency lines for N1 waves that peaked at 22.5 msec and right femoral nerve stimulation produced isolatency lines for P1 waves that peaked at 24.8 msec. The patient showed phase reversal of the initial deflections in median nerve SSEPs, but not in femoral nerve SSEPs. The initial distribution of median nerve SSEPs revealed the location of the central sulcus based on the phase reversal. In contrast, femoral nerve SSEP phase reversal did not reveal the location of the central sulcus. The initial femoral nerve SSEP was positive (P1). The motor cortex was localized by electrical stimulation of the cortex. Cortical stimulation at the location of Electrode 2 elicited EMG responses in the right quadriceps femoris muscles and stimulation at the location of Electrode 9 elicited EMG responses in the right thumb. The amplitude of the P1 wave of the femoral nerve SSEPs was highest at Electrode 3. Based on this finding, the sensory cortex was localized. After localization of the sensorimotor cortex, total tumor resection was accomplished using a transcortical approach via the left parietal lobe.
Postoperative Course and Pathological
Findings. The pathological diagnosis of the tumor was that of a meningioma. The patient was discharged without additional neurological deficit on August 17.
DISCUSSION
Somatosensory evoked potentials produced by median nerve stimulation have been used for functional localization of the sensorimotor cortex during surgery. [3, 4, 6, 13, 14] However, the validity of this procedure is restricted to the hand representation area. We previously reported a patient with a brain tumor in whom median nerve SSEPs showed phase reversal across the precentral sulcus at a location away from the hand representation area; [8] thus, we conclude that stimulation of another peripheral nerve is necessary for functional localization of the sensorimotor cortex during surgery near the interhemispheric fissure. Somatosensory evoked potentials elicited by tibial or peroneal nerve stimulation are preferred for localizing the sensorimotor cortex within the interhemispheric fissure. [1, 5, 7, 10, 11] However, for surgery at a location just lateral to the interhemispheric fissure, stimulation of the tibial or peroneal nerve cannot be used for functional localization of the sensorimotor cortex. Wang, et al., [12] reported that scalp SSEPs could be produced by femoral nerve stimulation and the source that generated the cortical potential was believed to be centrally located at the superior lip of the fissure just over the lateral cortex. Subsequently, SSEPs produced by femoral nerve stimulation have been recorded in the lateral cortex during surgery, thus enabling the study of functional localization of the sensorimotor cortex. Our hypothesis is that the functional localization of the sensorimotor cortex is possible at a lateral location near the interhemispheric fissure by recording SSEPs produced by femoral nerve stimulation.
The present results revealed two patterns of initial deflection of cortical femoral nerve SSEPs. Initial deflection of femoral nerve SSEPs with phase reversal across the central sulcus was negative in the postcentral gyrus and positive in the precentral gyrus. This pattern is the same as the initial deflection of median nerve SSEPs in and around the hand representation area. The phase reversal of initial deflection of median nerve SSEPs is believed to result from a horizontal dipole produced in the posterior bank (Area 3b) of the central sulcus. [6, 13] A study of cerebral magnetic responses to median nerve stimulation supports this belief. [9] Similarly, the initial deflection of femoral nerve SSEPs with phase reversal is also considered to be generated by a horizontal dipole produced in Area 3b. Wang, et al., [12] reported the first localized postrolandic component at the P2 wave (P26). Their Group I patients showed a phase reversal counterpart (N26) in the frontal area. [12] They believe that this component (P26/N26) is generated by a horizontal dipole in Area 3b or by multiple dipoles. However, the polarity of the P26/N26 wave in their study was opposite to the initial deflection of femoral nerve SSEPs in the present study. Recordings of femoral nerve SSEPs from a normal volunteer in Group I (Fig. 3 in Wang, et al.) showed phase reversal at the N1 wave (N19), similar to the negative polarity in the parietal area and positive polarity in the frontal area. [12] The initial deflection of femoral nerve SSEPs with phase reversal seen in the present study might coincide with the N1 wave (N19) of the femoral nerve SSEPs in Group I studied by Wang, et al.
Five patients in the present study did not show phase reversal across the central sulcus and the polarity of the initial deflection was positive. The amplitude was highest at the postcentral gyrus. By analyzing the distribution of the amplitude of the positive deflection, the central sulcus was localized. However, in this case, generation of the initial deflection of this pattern cannot be explained by a horizontal dipole in Area 3b. The positive deflection is likely generated primarily at the surface of the postcentral gyrus (Areas 1 and 2) and might coincide with the P2 wave (P26) in Group II studied by Wang, et al. [12] In the present study, the amplitude of the P1 wave of the femoral nerve SSEPs in patients without phase reversal was significantly higher than that of the N1 wave of the femoral nerve SSEPs in patients with phase reversal. This result seems to support the belief that the P1 wave of the femoral nerve SSEPs in patients without phase reversal is the potential which is generated perpendicularly in the lateral surface of the postcentral gyrus. Thus, variations may exist in the recipient area of thalamocortical projections in the femoral representation area.
Femoral nerve SSEP recordings were primarily distributed in the restricted area of the lateral cortex near the interhemispheric fissure. However, by analyzing the distribution of femoral nerve SSEPs, the sensorimotor cortex was functionally localized. Thus, femoral nerve SSEPs can be used to localize the sensorimotor cortex for craniotomy around the interhemispheric fissure.
